The zeolite Rho employed in this work was synthesized following a similar procedure than that reported by Chatelain [Ref. 30 in main text]. The exact synthesis procedure was as follows:
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Synthesis details of zeolite Rho.
The zeolite Rho employed in this work was synthesized following a similar procedure than that reported by Chatelain All chemicals were purchased from Sigma-Aldrich Co except sodium aluminate that was supplied by Carlo Erba.
Zeolite crystallization was carried out in Teflon-lined stainless steel autoclaves at 398 K under rotation for 3 days. The zeolite Rho recovered after filtration, washing with water and drying at 373 K, was calcined at 773 K for 3 hours in order to remove the occluded organic material. Figure S1 . X-Ray diffraction patterns of the zeolite Rho in its as-prepared and calcined forms. These X-Ray diffraction patterns were collected upon exposing the samples to ambient conditions. Routinary X-Ray Diffraction patterns (used only for phase identification) were measured in a Cubix'Pro diffractometer form Panalytical equipped with an X'Celerator detector and automatic divergence and reception slits (constant irradiated area of 3 mm). The isosteric heat of CO 2 adsorption (q st ) was calculated from the corresponding set of combined high and low pressure isotherms measured at different temperatures showed in Figure S3c , and applying the Clausius-Clapeyron equation. Note that CH 4 adsorption capacity of zeolite Rho does not increase as the temperature decreases as expected. This is because equilibrium is not reached, as it is demonstrated in the kinetics shown in Figure S6 and, therefore, the calculation of thermodynamic parameters is meaningless. 
Characterization of zeolite Rho used in this study
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X-ray diffraction measurements and Rietveld Refinements
X-ray powder diffraction (XRPD) data were collected using a Panalytical X'Pert PRO diffractometer with Bragg-Brentano geometry, using CuKα radiation (λ1=1.5406, λ2=1.5441Å, I2/I1=0.5; divergence slit: fixed = 1/16º; goniometer arm length: 240mm;
detector: Panalytical X'Celerator; tube voltage and intensity: 45 kV, 40 mA; scan range:
3.0º to 75.0º (2θ), scan step size: 0.017º (2θ); counting time: 2440s/step).
In-situ dehydration at 500ºC under flow of N 2 and in-situ high pressure measurements under Nitrogen, CO 2 and CH 4 at 30ºC were performed in an Anton Parr XRK-900 reaction chamber attached to the diffractometer. (7) 
